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Method of a furnace assembly for bending glass sheets. 

® ^ method of and 8 fgmace "ssembly for bendi ng glass c utset of a furnace ( IhOn cooling, the glass sheets on said 
sheets. Glass s heets ( 6 ) are conveyed In bendinT m^jds(5) l5wer run emit heat td the glass sheets on said upper run 

SUDDOrted DV cars (41 alona an unnertrnnsnrirt run f5i rmrinAtZ +Ur^,,nU i ^ L , , 



supported oy cars (4) along an u p per transport run (2rpeTfo"ai 
cally from^p^Jxeatipg^section flojjo anofSar. In the final 
neating section, temperature isrisen soTiigh that a glass sheet 
bends by the action of heat and gravity to conform with the 
surface of the mould. Thereafter, a car (4) together with a bent 
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glass sheet is lowered onto a lower run (3) and returnecf to the direction of the furnace. 



through the open bottom structures of rare (4). The weight 
and heat capacity of the cars have been made as low as 
possible by removing the side and back walls thereof, 
whereby only the front or leading walls (8) provide locking 
walls between sections (10) successive in the longitudinal 
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Method of and furnace assembly for bending glass 
sheets. 

The present invention relates to a method of bending 
glass sheets, in which m e thod the glass sheets are 
positioned upon be nding moulds supported by transfer 
cars , the successive cars are conveyed periodically 
from a heating section to another, temperature of the 
glass sheets is elevated by means of heating resist- 
ances provided in each heating section, the deflect- 
ion is. monitored through observation windows in the 
end wall of the last heating section, and a glass 
i sheet is heated until observation is made that it 
I has bent by the action of heat and gravity to the 
\ curvature corresponding to said mould, wherea fter the 
car of ^s aid last heating section is lowered from the 
up per tr ansport run to the lower run along wnicn the 
c ars are c onveyed periodically in the dire ction 
opposite to Jbhat of the upper run and at th e terminat ion 
of^a_id..lpwer run a c ar is pass ed through an opening 
in the end wall of a furna ce out of saidPf iirnace and 
the bent glass is replaced with a glass to be bent 
and the car is retur ned into the furnace and lifted 
jup^J^jthe— upper— rrux- 

The invention relates also to a furnace assembly as 
set forth in the preamble of the annexed claim 4 for 
embodying the method. 

This type of method and assembly are prior known from 
the Applicant's earlier FI Patent publication 44933/ 
In that publication, the cars are designed as boxes, 
in other words there is a heat-insulated box for each 
. bending mould. Such furnace is suitable for bending 
glass sheets of varying thickness and sizes but. the 
mass of a carriage box becomes too great and both 
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glass and carriage box must be heated and chilled 
during a bending cycle. Thus, most of the energy will 
be spent for heating and chilling of a carriage box. 

Another drawback is that loading and unloading of 
glass are inconvenient procedures due to the hot 
edges of a carriage box and a long reaching distance. 
In other words, replacement of glass is ergonomically 
very difficult. On the other hand, due to the 
bottom and high side walls of a box, the furnace 
cannot be provided with an automatic loading device. 

Although this bending furnace operating with carriage 
boxes works in a manner that the carriages or cars 
loaded with bent glasses return by way of a lower run, 
very little of the thermal energy possessed by the 
glasses and carriages down below can be used for 
those above because of the bottom and insulations of 
carriage boxes. Therefore, the energy consumption of 
this type of furnaces varies within the range of 10 
to 20 kWh/m 2 . 

An object of the invention is to improve the above- 
mentioned method and furnace assembly in a manner 
that the masses to be heated and chilled can be 
substantially reduced and, at the same time, the 
thermal energy delivered by glass sheets on chilling 
can be exploited more effectively than before. 

This object is achieved on the basis of the inventive 
characteristics set out in the annexed claims. 

One embodiment of the invention will, now be described 
in more detail with reference made to the accompanying 
drawings , in which 
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fig. 1 is a partially cut-away side view of a furnace 
assembly of the invention. 

Fig. 2 is a plan view of the same furnace assembly. 

Fig. 3 shows schematically the longitudinal section 

and operating "principle of a furnace. assembly . 

Fig, 4 shows a detail of the assembly in cross-section 
taken at the side wall of a furnace. 

Fig. 5 shows a detail of the furnace as a longitudinal - 
section taken at the transition point between 
upper run heating sections. 

First described is the design of a furnace assembly. 
An elongated furnace 1 is completely closed; at its 
termination and its ceiling, side walls and bottom 
are provided with thermal insulations 24. The side 
walls of a furnace is provided with an upper trans- 
port run 2 and a lower transport run 3. The transport 
runs are designed, as shown in fig. 4 , in a manner 
that a rail 28 secured to the side wall is provided 
with bearings 29 used for carrying free . rotating 
rollers 7 which are inside 'said furnace thermal in- 
sulation 24. 

Conveyed along each transport run. 2 and 3 are cars 4, 
each supporting a bending mould 5 upon which a glass 
6 to be bent is placed. 

Car or carriage 4 is provided with an open-structure, 
half or completely closed bottom 25 and a front wall 
8. The car bottom comprises a tubular frame 25, 
consisting of a tube extending along side"' edges and. 
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surrounded by a heat insulation 26. Thus, in the 
central area, the bottom provided by said tubular 
frame 25 is completely open or covered by a mesh, 
grate or a thin corrugated sheet for allowing heat 
to pass readily through the bottom. Extending side- 
ways from tubular frame 25 is a rail 27 on \ ,iich 5a id 
car 4 travels upon rollers 7. . Hence, car 4 has rio 
side or back walls. In the transport direction of 
upper run 2, the front wall 8 joins to the heat- 
insulated side walls of a furnace with as small a 
clearance as possible. 

Extending downwards from the thermally insulated 
ceiling 24 of a furnace is a heat insulation 24a with 
oar-elaed gaps (fig. 5), the upper edge of front wall 
8 extending to the level of the bottom surface of said 
heat insulation. When a train of cars on the upper 
run 2 is stopped in a manner that front walls 8 are 
aligned with heat insulations 24a, a separate heating 
section 10 will be formed in the longitudinal direct-, 
ion of -a furnace at each car. The ceiling of each 
heating section 10 is fitted with electric resistance 
elements 23, arranged in a manner that temperature of 
successive heating sections 10 rises gradually to- 
wards the termination of furnace 1 . 

The rear end of the furnace is provided with a heating 
and bending section 14 which is fitted with a lift 14a 
(fig. 3> for lowering cars 4 from upper to lower run. 
Lift. 14a may comprise an articulateci jack or vertical 
piston-cylinder units. What is essential about this 
lift is that the lift bottom 13 is thermally insulated 
in a manner that, with bottom 13 elevated against the 
bottom of a car -4, on the upper run, said bottom closes 
the final heating section 10 where a glass sheet is 
heated until it is sufficiently soft to bend under the 
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gravity to a shape complying with the surface of a 
mould. The operator of a furnace assembly monitors 
the bending process of a glass sheet through said 
observation windows 12 in the end wall of a furnace* 
Aligned with windows 12 the front wall 8 of each - 
car is also provided with observation windows 11. 
When a glass sheet is bent, car 4 is removed by 
means of lift 14a/ 13 from upper to lower run along 
which cars 4 are conveyed in the opposite direction, 
i.e. returned towards the outset, of a furnace. 

For transferring the cars, the outset of the upper 
run is fitted with a piston-cylinder device 16 whose 
gripping means 17 catches around the edge of a car 
bottom. The stroke length of piston-^cylinder device 
16 corresponds to that of a car* The same way, the 
outset of lower run 3 (i.e. termination of the 
furnace) is provided with a pis ton -cylinder means 18 
with its gripping means 19- Reference numeral 20 
designates a control panel whereby the operation of 
the assembly is controlled by the operator monitoring 
the glass deflection. Reference numeral 21 (fig. 2) 
designates a power centre and numeral 22 an electric 
cable duct. 

Aligned with lower run 3, the outset of a furnace is 
provided with a car gate 9 through which cars 4 
can be steered out for replacement of glass* During 
the glass replacement, the front wall of car 4 closes 
said gate 9 to stop heat escape out of the furnace* 
A conveyor 30 shown in fig. 1 drives cars 4 out . 
and back in the furnace. Following the glass replace- 
ment, car 4 is elevated by means of a lift 15a onto 
the upper run. . 

The above furnace assembly differs from the "prior art 
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especially for the design of a transport car. Said 
transport car is not a closed box insulated in the 
sides and bottom but such transport car only has an 
insulated front wall which joins to a rim-shaped 
bottom structure, the latter being either open or 
covered by a mesh, grate or a thin corrugated sheet. 
Thus, the heat transfer taking place through the - 
bottom has been made as easy as possible. 

The furnace operates as follows. The outset position 
is shown in fig. 3 with lifts 14a and 15a up. Then 
lift 14a elevates car 4 slightly in order to loosen 
rails 27 from rollers 7. The side rails 28 of sect- 
ion 14 are opened by displacing them with rollers 7 
sideways. This is effected by means of shifting 
cylinders 31. When glass has bent sufficiently in 
the las.t--hfi at±ncr and bending section 14 , lift 14a, 13 
is l owered down together with its mould 5» After the 
lift is lowered down, t he side rails 28 and rollers 

7 of the upper run 2 of sectionjM close and plston- 
c ^inder^evices "l 6, 17 pull a train of cars on upper 
run 2 for ward by one section 10 . When the pulling is 
over, cylinders 16 return to the basic position and 
lift 15a at the loading end of a furnace descends. 
When lift 15a has been fully lowered, the lower -run 
piston-cylinder devices 18, 19 effect a pull equal 
to the length of section 10. When the pulling is 
over, cylinders 18 return and the bending end lift 
14a rises up. Activated at the same time is the 
motor of conveyor 30 pulling said car 4 from lift 
15a to the loading station. Thus, the car front wall 

8 closes gate 9 and loading can be effected from any 
of the three directions as there are no side walls 
or a back wall in the car. 

As the bending end lift 14a, 13 is rising to the up 
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position, said lift again picks up car 4 together 

with its rail 27 from support rollers 7 and side bars 

28 open. Effe cted simultaneously is the g lass replace- 

■ . • *. ■ 

ment on moul d 5 of a car 4 now o n loading conveyor 

30 by^ removing a bent gl ass and replacing an unbent 
^pjoe-* — W hen the glass replacement is done, ah acknow- 
ledgement button 33 is presse d with a result that 
loading convey or_ 30 pulls ca r 4 into the furnace. 
When the pulling is over, lift 15a picks up the car 
onto upper run 2 to commence the following cycle. 



The car mass to be heated and chilled is minimum as 
the cars only comprise a front wall, a base frame, 
and possibly a very light- structured bottom. During 
a heating cycle between each transfer cycle, said 
front walls 8 of the cars separate the heating sect- 
ions 10 from each other in the longitudinal direct- 
ion of a furnace. At the same time, on the lower 
chilling run there are separated chilling sections 
aligned with heating sections 10. The hot glasses 
in chilling sections deliver heat through radiation 
and convection to a glass on the upper run directly 
through the bottom of car 4. This reguires, of 
course, that a glass sheet arriving in. each heating 
section 10 is at lower temperature than the one 
positioned directly below On the lower run. The 
sections towards the lower run loading end are further 
provided with cooling radiators 32, the waste heat, 
transferring to the latter being recoverable by 
circulating the cooling medium e.g. in the radiators 
of a building to be heated. By means of cooling 
radiators 32 a glass sheet can be chilled or cooled 
to a suitable temperature prior to its arrival in 
the loading station. 



By means of this arrangement of the invention the 
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thermal energy required for bending a glass sheet 
has been cut down to less than half compared to the 
prior art bending furnace assemblies. Energy 
consumption varies from 3 to 5 kWh/m 2 when the total 
thickness of pairs of glass to be bent on top of each 
other is 4 - 6 mm. 
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Claims 



(T) A method of bending glass sheets, wherein glass 
sheets are placed upon bending moulds (5) supported 
by transport cars (4) , successive cars (4) are dis- 
placed periodically from one heating section (10) to 
another , temperature of glass sheets (6) is elevated 
by means of heating resistances (23) fitted in each 
heating section (10), in the final heating section 
a glass sheet (6) is heated until it bends by the 
action of heat and gravity to the curvature correspond- 
ing to mould (5), whereafter a car (4) in the final 
heating section is lowered from an upper transport 
run (2) to a lower run (3) along which cars (4) are 
displaced periodically in the transport direction 
opposite to that of the upper run and, at the load- 
ing end of a furnace (1), car (4) is steered through 
a gate (9) in the end wall of said, furnace out of . 
the furnace and a bent glass is replaced with a glass 
to be bent and car (4) is returned into the furnace 
and lifted onto upper run (2), character- 
ize d in that separation of heating sections (10) 
from each other into sections separate in the long- 
itudinal direction of furnace during each heating 
cycle is effected only by means of front walls (8) of 
cars (4) and separation of chilling sections from 
each other into sections separate in the longitudinal 
direction of furnace during each chilling cycle is 
also effected only by means of said front walls (8) 
of cars, and that the glass sheets on lower run (3) 
by having them deliver heat through the open-structured 
or otherwise well heat transferring bottoms (25) of 
cars (4) to the glass sheets to be heated on upper 
run (2) . _ . 



2. A method as set forth in claim 1, c h a r a c t - 
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e r i z e d in that during glass replacement said 
car gate (9) is closed by front wall (8) of a car. 

3. A method as set forth in claim 1 or 2, 
characterized in that the bottom of a 
car (4) in the final heating section (10) is closed 
by the heat- insulated bottom (13) of a lift and, 
after the bending, car (4) is lowered by means of 
the lift from upper run (2) to lower run (3). 



aJ) A furnace assembly for bending glass sheets by 
applying the method of claim 1, said assembly 
comprising: 

- an elongated furnace ( 1 ) , having a loading end and 
a bending end and whose bending end is closed, 

- an array of cars (4) , each having a bending mould 
(5) for receiving glass sheets (6) and for bending 
them by means of heat and gravity, 

- an upper transport run (2) for conveying cars (4) 
from one heating section (10) to another, 
-electric resistance elements (23) in the ceiling of 
heating sections, 

- a lower transport run (3) for returning cars (4) 
back to the loading end of the furnace below the cars 
of upper run (2) , 

- a gate (9) at the loading end of said furnace for pass- 
ing cars (4) in and out, 

- a lift device (15a) at the loading end of the 
furnace for picking up cars (4) from the level of 
lower run (3) to the level of upper run (2), 

- a lift device (14a) at the bending end of the 
furnace for lowering cars (4) from the level of upper 
run (2) to the level of lower run (3), and 

- displacement means (16, 17; 18, 19) for. moving cars 
(4) on upper run (2) from the furnace loading end to 
its bending end and on lower run (3) in the opposite 
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direction, characterized in that the side 
walls and back wall of cars (4) are missing partially 
or completely and only the front wall (8) (leading 
wall in the upper run transport direction) is suffic- 
iently high and integral to provide a lock in the long- 
itudinal direction of the furnace between successive 
sections (10) and that the bottom design (25) of cars 
(4) is such that heat can readily transfer from the 
lower run glass sheets to the upper run glass sheets. 

5. A furnace assembly as set forth in claim 4, 
characterizedin that the bottom of car 
(4) is covered with a mesh, grate. or a thin corrugated 
sheet whose coefficient of heat radiation is high, 
preferably more than 0,5. 

6. An assembly as set forth in claim 4, c h a r a c t - 
e r i z e d in that the height of front wall (8) is 
less than the fall between upper and lower run (2 and 

3) by merely a gap allowing for transport motion, 
whereby it is possible to provide the lower run with 
chilling sections separated by front walls (8) and 
aligned with heating sections (10) of the upper run. 

7. An assembly as set forth in claim 4 or- 6, 
characterized in that said car gate (9) 
at the furnace loading end is closed by front wall 
(8) of a car during glass replacement. . 

8. An assembly as set forth in claim 4, charact- 
er i z e d in that said car front walls (8) are 
provided with observation windows (11) and the end 

wall of the bending end of the furnace is provided 
with an observation window or windows; (12) ,. aligned 
with windows (11) of the cars on upper run (2). 
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9. An assembly as set forth in claim 4, 
characterized in that said lift (14a) at 
the bending end of a furnace is provided with a heat- 
insulated bottom (13) for closing the bottom of the 
final heating section (10) when said lift (14a, 13) 
is in its elevated position. 

10. An assembly as set forth in claim 4, 
characterized in that said transport 
runs (2, 3) consist of freely rotating rollers (7) , 
which are mounted on rails (28) in the side walls of 
a furnace , the rails (27) mounted on the side edges 
of the car bottom frame (25) traveling upon said 
rollers. 

11 • An assembly as set forth in claim 10, 
characterizedin that said rails (28) 
of the final heating section as well as its rollers 
(7) are adapted to be displaceable in lateral 
direction. 
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